1. Introduction
===============

Congenital heart disease (CHD) is a common birth defect that is responsible for significant childhood morbidity and mortality.^\[[@R1]\]^ CHD accounts for about one-third of all congenital anomalies seen in newborn that is responsible for infant mortality.^\[[@R2]\]^ Genetic factors play an important role in increasing the risk of CHD though the exact cause for it is not clear. Some of the risk factors that may increase the risk of development of CHD include: ingestion of cardiotoxic medicines, alcohol, or drug abuse during pregnancy; maternal rubella (German measles) in the first trimester of pregnancy; drugs or environmental factors that can interfere with the metabolism of folic acid and genetic factors.^\[[@R3]\]^ Recent studies revealed that methylene tetrahydrofolate reductase (MTHFR) gene may play an important role in increasing the risk of developing CHD.^\[[@R4],[@R5]\]^ Single nucleotide polymorphisms of genes involved in the folate pathway can affect folic acid metabolism and thus, increase the risk of CHD.^\[[@R6]\]^ Folic acid may protect against development of CHD since its deficiency could be an important risk factor for CHD.^\[[@R7]\]^ The flavin adenine dinucleotide-dependent enzyme 5,10-methylenetetrahydrofolate reductase catalyzes the reduction of methylenetetrahydrofolate to 5-methyltetrahydrofolate which is necessary for remethylation of homocysteine to methionine.^\[[@R8]\]^ Hyperhomocysteinemia is a significant risk factor for the development of heart defects.^\[[@R9]\]^ Availability of adequate amounts of 5-methyltetrahydrofolate, the major circulating metabolite of folic acid, reduces maternal homocysteine plasma levels and thus, aids in preventing development of CHD.^\[[@R10]\]^ Based on this assumption, it has been proposed that polymorphisms of MTHFR in children population may predispose to the development of CHD. Previous reports suggested that children\'s MTHFR genetic variants, such as C677T, can influence the development of CHD.^\[[@R11]\]^ However, these studies gave inconsistent results. Hence, the present study was performed to clarify possible relationship between C677T polymorphism and susceptibility to develop CHD in the paediatric population.

2. Materials and methods
========================

This study was approved by the ethics committees of the First Bethune Hospital of Jilin University and conformed to the principles of the Declaration of Helsinki. Written informed consent was obtained from each participant before entry into the study, and all of the procedures were in accordance with institutional guidelines.

We searched PubMed, Embase, CNKI (China National Knowledge Infrastructure), Wanfang and VIP databases were to identify eligible publications. The search terms used were: MTHFR or methylenetetrahydrofolate reductase or folic acid and variant or polymorphism or SNP and congenital heart disease or defect or CHD or congenital anomalies. All publications in either Chinese or English language were considered suitable for inclusion in the analysis. In addition, all potentially relevant studies were reviewed including their titles and abstracts, and only those studies that matched the inclusion criteria were retrieved. The literature search was performed of all publications till Jun 6, 2016.

The retrieved articles were scrutinized with respect to their data to make sure that their contents included topic of interest of the study planned. In addition, references of the retrieved articles were also screened. To prevent data duplication, especially when a report overlapped with another study, only the one that contained the most detailed study was included in the analysis. If an article included in the study contained results on a different ethnic subpopulation, each subpopulation was treated as an independent study.

We ensured that studies included in the meta-analysis had met the following criteria: independently published case-control or cohort studies on the relationship between MTHFR gene polymorphism and CHD; contained genotype data of TT, TC, and CC and contained comprehensive statistical indicators directly or indirectly: OR values and 95% CI; studies had similar themes and methods. In other words, all the studies included in the analysis are case-control studies, which evaluated the association between the C677T polymorphism in Chinese pediatric population and susceptibility to CHD~S~; no restriction on the source of the control group (general population or participants in a hospital) was imposed, and the study should satisfy Hardy--Weinberg equilibrium (HWE) among the controls.

Two authors independently preformed the quality assessment of included studies according to the Newcastle--Ottawa Scale (NOS).^\[[@R12]\]^ The NOS method, with a maximum score of 9 points, includes 3 quality categories: selection, comparability, and exposure evaluation. Studies with more than 6 scores were identified as high quality. Any disagreement was resolved by reevaluation of the originally included studies.

The exclusion criteria employed in the present study were: reviews, case reports, editorials or comments in other words only original studies were eligible for inclusion in the study for analysis; duplicate studies were excluded; studies that contained insufficient data or data was not of sufficient quality; and studies that did not have appropriate control(s). In instances, wherein genotype frequency was not reported, the original authors of the study were contacted by emails to obtain the missing data.

To minimize selection bias, the data was collected independently by 2 investigators using the standard protocol adopted for this study. The data that was extracted from the studies meant for the present analysis included: first author\'s name; year of publication; study design; sample size of cases and controls; method of screening used for CHD; genotype distribution(s) of both cases and controls; and whether the included population of the study was in HWE. Studies that contained little or insufficient data, violation of the inclusion criteria, and repeated publication of the same data were considered of poor research quality and excluded from the analysis. In the event, the same research results were used in 2 or more different publications, only 1 result of such studies was considered for the present meta-analysis. If any discrepancy was noticed between 2 or more studies, the same was discussed among the authors or investigators and arrived at a decision based on mutual consensus. Whenever any insufficient and equivocal data was detected in any study elected for the analysis, efforts were made to obtain the missing information from the original authors. Such studies were included in the final analysis only if all the required information was obtained; otherwise, it was discarded from the final analysis. All the data included in the present analysis is given in Table [1](#T1){ref-type="table"}.

###### 

The detailed characteristics of all eligible studies for MTHFR C677T polymorphism.
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Meta-analysis of possible association between MTHFR polymorphisms and risk of CHD was performed employed case-using ORs corresponding to a 95% CI as the present study used control studies. In order to assess the intensity of the association between MTHFR gene polymorphism and CHD, ORs were calculated according to the method described by Woolf.^\[[@R13]\]^ The significance of pooled ORs was analyzed using *Z* test, and only when *P* \< .05 the results were considered statistically significant.

To assess interstudy heterogeneity, we used an x^2^-based Q statistic and the result was significant only if *P* \< .1 since the power of statistics was low. Quantification of the heterogeneity was done employing the *I*^2^ metric, which is independent of the number of studies used in the meta-analysis. *I*^2^ used represents the percentage of the observations between various studies as the variability is due to heterogeneity rather than to chance. If it ranges between 0% and 100%; values above 75% implies large heterogeneity.^\[[@R14]\]^ Heterogeneity between studies was not expected since the studies that were analyzed were both clinically and methodologically heterogeneous. In the present study, 2 models of meta-analysis were applied for dichotomous outcomes: the fixed-effects model and the random-effects model. The pooled OR was calculated by a fixed-effects model if the result of the *Q* test was *P*\>.1, which suggests that the heterogeneity among the studies was insignificant. Otherwise, a random-effects model was used.

When the analysis of the outcomes was heterogeneous, prespecified subgroup comparisons were conducted to find out the influence of the following factors on the relationship between MTHFR gene C677T polymorphism and CHD: method of screening for CHD; source of controls (whether it is population based vs hospital based); sample size (n \< 100 vs n \> 100); and NOS score.

Since the present analysis included a wide variety of study designs such as (diverse methods, the source of controls, and sample size), sensitivity analyses were conducted to know the stability of the results by omitting only 1 study at a time and recalculating the pooled effect to see whether the pooled effect estimate was influenced by a certain individual study. Potential outliers (i.e., data points that are far outside the norm) were identified by a sensitivity analysis.

To evaluate the presence of publication bias a funnel plot was constructed by plotting the effect measure against the inverse of its standard error. The severity of publication bias was estimated using Egger test. Statistical analysis was performed with Stata 11.0 (Stata Corp, College Station, TX) and Cochrane Collaboration Review Manager 5.2 software. All *P* values were 2-sided.

3. Results
==========

Three hundred seventy-eight publications were selected for the present study based on preliminary analysis, which included 276 Chinese and 102 English publications. In total, 322 publications were excluded due to their unsuitability since some of them were duplicate publications while some were based on nonclinical-based work. Finally, 56 full-text publications were retrieved and the rest were excluded since some of them were duplicate publications; some focused on MTHFR gene polymorphisms other than C677T (rs1801133) and contained insufficient data. In addition, 2 studies not satisfying HWE were excluded from the final analysis. Figure [1](#F1){ref-type="fig"} shows the process of study selection and exclusion, with reasons for the same. Based on all the criteria used for the selection of studies for the present analysis, we could finally select 20 articles that met the selection criteria. One publication that reported results based on 2 different data was included in the final meta-analysis.^\[[@R15]\]^ Thus, a total of 20 eligible original reports that contained 21 separate studies ^\[[@R15]--[@R34]\]^ formed the basis of the present meta-analysis. A flow diagram of the study selection and their characteristics is given in Figure [1](#F1){ref-type="fig"} and Table [1](#T1){ref-type="table"} respectively.

![Flowchart of study selection.](medi-96-e7057-g002){#F1}

The 21 studies from China included in the present final meta-analysis were all case-control studies. It is noteworthy that 16 of the 21 studies included in the final analysis consisted of data obtained on hospital-based populations, while the other 5 were population-based studies. In 18 of the studies, genotyping of C677T was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique, while in 3 studies by other DNA sequencing methods. All 21 studies contained full-length reports published in peer-reviewed journals. Five studies were divided into low quality with an NOS score of 4 or 5 points, and 16 with score 6 or greater were assigned as high quality.

It was noted that the genetic variant of MTHFR 677T in all the subjects of the 21 studies analyzed showed significantly higher 677T allele frequency in the CHD group (49.1%) compared with control (44.2%) (*P* \< .00001). In addition, the prevalence of CC/CT/TT genotype was 27.5%/44.8%/27.7% in CHDs group and 33.1%/48.0%/18.9% in the control group respectively.

Furthermore, when we evaluated association between MTHFR C677T polymorphism and the risk of CHD for each study significant associations were observed in all genetic models: the dominant model (TT + CT vs CC: OR = 1.44, 95% CI: 1.11--1.87; *P* \< .00001, Fig. [2](#F2){ref-type="fig"}), and the recessive model (TT vs TC + CC: OR = 1.78, 95% CI: 1.36--2.33; *P* \< .0001, Table [2](#T2){ref-type="table"}), T versus C (OR = 1.30, 95% CI: 1.06--1.59; *P* = .010, Fig. [3](#F3){ref-type="fig"}), TT versus CC (OR = 2.12, 95% CI: 1.44--3.11; *P* = .0001, Fig. [4](#F4){ref-type="fig"}), and TT versus TC (OR = 1.63, 95% CI: 1.30--2.05; *P* \< .0001, Table [2](#T2){ref-type="table"}). Pooled ORs were calculated by the random-effect method and are shown in Table [2](#T2){ref-type="table"}.

![Forest plot on the association between the C677T polymorphism and the risk for CHD in the Chinese fetal population (TT + CT vs CC). CHD = congenital heart disease.](medi-96-e7057-g003){#F2}
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Summary ORs and 95% CI of the studies included in meta-analysis.
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![Forest plot on the association between the C677T polymorphism and the risk for CHD in the Chinese fetal population (T vs C).](medi-96-e7057-g005){#F3}

![Forest plot on the association between the C677T polymorphism and the risk for CHD in the Chinese fetal population (TT vs CC).](medi-96-e7057-g006){#F4}

In the stratified analysis by source of controls, significant association was found when all the studies were pooled with fixed models for T versus C (OR 1.48, 95% CI: 1.25--1.75; *P* = .25), and for TT versus CC (OR 2.39, 95% CI: 1.62--3.53; *P* = .67), dominant model (OR 1.74, 95% CI:1.31--2.32; *P* = .39) and recessive model (OR 1.84, 95% CI: 1.34--2.54; *P* = .59) in population-based control subgroup. However, no significant association was found in hospital-based control subgroups in all genetic models. Results of meta-analysis shown in Table [3](#T3){ref-type="table"} revealed a significant association between MTHFR C677T polymorphism and the risk of CHD when all the studies were pooled with fixed-effects models in small sample size subgroup rather than in large sample size subgroup (Table [3](#T3){ref-type="table"}). Performance of the stratified analysis based on the method of screening, no significant association was found whether MTHFR C677T polymorphism was detected using the PCR-RFLP method or by other methods. Similarly, no significant association was found in the stratification analyses according to NOS score (low quality and high quality). The results of meta-analysis are given in Table [3](#T3){ref-type="table"}.
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Pooled ORs and 95% CIs of the association between fetal MTHFR C677T polymorphism and CHD following by subgroup.
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Begg funnel plot and Egger test revealed that points are evenly distributed and symmetrical, and most of the points are within the 95% CI and the shape of funnel plots showed no obvious asymmetry suggesting that there is no publication bias, and emphasized that the result of the study is credible and dependable. Absence of statistical significance based on Egger test about the value of the funnel plot (*P* = .340) suggested absence of publication bias in this model (Fig. [5](#F5){ref-type="fig"}). In other genetic models, also no publication biases were seen and *P* values were showed in Table [2](#T2){ref-type="table"}.

![Begg funnel plot for publication bias in studies on *MTHFR* C677T polymorphism and CHD (TT+CT vs CC). Each point represents a separate study for the indicated association. Log or represents natural logarithm of OR. Vertical line represents the mean effects size.](medi-96-e7057-g008){#F5}

Deletion of 1 single study from the overall pooled analysis each time to check the influence of the removed data set to the overall ORs to assess the sensitivity analysis did not alter or impact the overall ORs (Fig. [6](#F6){ref-type="fig"}).

![Potential outliers (i.e., data points that are far outside the norm) were identified by a sensitivity analysis.](medi-96-e7057-g009){#F6}

4. Discussion
=============

Based on the studies published before April, 2011, Yin and coworkers inferred that MTHFR C667T gene may enhance the risk of CHD.^\[[@R35]\]^ In contrast, analysis of 7698 cases and 13,159 controls published till 2010 led Mamasoula and coworkers to conclude that MTHFR C667T gene polymorphism is not associated with increased risk for CHD.^\[[@R1]\]^ Several other meta-analyses studies that evaluated association between MTHFR polymorphism and CHD ^\[[@R9],[@R11],[@R36]\]^ also gave inconclusive results. These controversial results could be attributed to small sample size used in these studies. In the present meta-analysis, we combined several studies that reported similar kinds of studies to increase the sample size to 6414 and statistical power and evaluated the association between MTHFR C677T and susceptibility of CHD in the paediatric population. Based on this evaluation, we noticed that C677T polymorphism in the MTHFR gene is significantly associated with increased susceptibility to CHD in Han Chinese population. This implies that decreased children\'s MTHFR enzyme activity may result in an increase in local hyperhomocystein environment resulting in an increase in the risk of CHD.^\[[@R37]\]^

It is known that genetic and environmental risk factors may have a complex interaction among them. Previous studies reported that MTHFR gene is a significant risk factor in the susceptibility to develop a variety of diseases including CHD.^\[[@R38]\]^ In the MTHFR enzyme, C to T substitution at position 677 (C677T) results in the substitution of alanine to valine that results in impaired folate binding and reduced activity of the MTHFR enzyme. It is likely that C677T mutation of MTHFR renders the enzyme thermolabile with ∼50% reduced activity that leads to an increase in plasma homocysteine concentrations.^\[[@R39]\]^ Hence, variants of the MTHFR gene can alter the activity of MTHFR, which may lead to an increase in the susceptibility to develop CHD. Even though the heterogeneity between MTHFR C667T polymorphism and CHDs was significant in hospital-based control group, this was not significantly different from the population-based control (*I*^2^ = 0). This suggests that hospital-based and population-based controls were not homogenous. Additional analysis of the subgroup analysis showed a significant association between CHD and C677T in all the genetic models in both small and large sample studies. Interestingly, we found that heterogeneity was significant in large sample subgroup, while no heterogeneity was detected in small sample subgroup. This led us to conclude that the number of published studies was not sufficiently large for a comprehensive analysis, and some included studies of small size might not have had enough statistical power to explore the association between the C677T polymorphism and susceptibility to CHD.

Although we made these findings in this meta-analysis, there were several limitations. Our study was mainly based on unadjusted odd ratios, and the potential covariates including gender, age, vitamin supplement, or other environmental factors, which might influence the final results, were unable to control. Second, significant heterogeneity in the study was presented in overall and subgroup analysis. We have also investigated the study heterogeneity including method of screening for CHD, source of controls, and sample size between studies by meta-regression (data not shown); however, none of them was identified as the potential source of heterogeneity. We estimated that other unknown confounding factors may help explain the between-study heterogeneity. We estimated that other unknown confounding factors may help explain the between-study heterogeneity. Third, it was known that there were several subtypes of congenital heart diseases. In addition, only a few studies included in our meta-analysis have classified their cases by types of CHD. To analyze this issue, we need more studies involving CHD cases with clear subtypes.

5. Conclusions
==============

Based on our meta-analysis of possible association between MTHFR C677T genetic variant and the risk of CHD presented here suggests that MTHFR C677T genetic variant is significantly associated with increased risk of CHD in the paediatric population. Hence, we propose that children\'s MTHFR C677T polymorphism could be used as a molecular biomarker for evaluating the susceptibility to CHD.

Abbreviations: CHD = congenital heart disease, CI = confidence interval, CNKI = China National Knowledge Infrastructure, HWE = Hardy--Weinberg equilibrium, MTHFR = methylene tetrahydrofolate reductase, OR = odds ratio, PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism.
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